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.
2
$A$ , $W_{R}$ , $W_{C}$ $A[W_{R}, W_{C}]$ . $A$ ,
$W$ $A[W]$ . $A$ $A^{T}$ . $A$
$A=-A^{T}$ . .
2.1 ([19, Lemma 2.2]). $A$ , $D$ .
$D$ , $S$ . , $A+D$
, $A[S]$ $A$ .
2.2 ([19, Lemma 2.3]). $A$ $X$ . $X$ $S$
, $A[S]$ , $A[S, X]$
.
, .
2.3 (Schur complement). $A$ . $M=I_{A}C$ $DB)$
, $D-CA^{-1}B$ . $\square$
3
, , , , ,
. , , , , , , ,
$V,$ $J,$ $C,$ $L,$ $R,$ $S_{U}$ , & . $i$ , $\tau\iota$ . $V$ ,
37
1:MOSFET .
$J,$ $C,$ $L,$ $R,$ $S_{U}$ , Si , $i_{V},$ $i_{J},$ $i_{C},$ $i_{L},$ $i_{R},$ $i_{U},$ $ii$ , $u_{V}$ ,
$u.;,$ $u_{C},$ $u_{L},$ $u_{R},$ $u_{U},$ $uJ$ . , :
: $uv=v_{s}(t)$ , : $i_{J}=j_{s}(t)$ , (1)
: $i_{C}= \frac{d}{dt}q(u_{C}, t)$ , : $u_{L}= \frac{d}{dt}\phi(i_{L}, t)$ , (2)
: $i_{R}=\sigma(u_{R}, t)$ , (3)
: $ii=ji(uc, u_{L}, uv, i_{C}, i_{L}, i_{J}, t)$ , (4)
: $uu=vu(uc, u_{L}, u_{V}, i_{C}, i_{L}, i_{J}, t).\ovalbox{\tt\small REJECT}$
1 MOSFET [10] . ,
. RLC
.
$A$ $(i,j)$ $(A)_{ij}$ . , $f$ $i$ $(f)_{i}$ .
, $C$ , $L$ , $K$
$(C)_{ij}= \frac{\partial(q)_{i}}{\partial(u_{C})_{j}}$ , $(L)_{ij}= \frac{\partial(\phi)_{i}}{\partial(i_{L})_{j}}$ , $(K)_{ij}= \frac{\partial(\sigma)_{i}}{\partial(u_{R})_{j}}$
. .




$\Gamma=(W, E)$ . , $\Gamma$ .
, $E_{v},$ $E_{j}$ , $E_{*}:=E\backslash (E_{v}\cup E_{j})$ $E_{y}\cup E_{z}=E_{*}$ , $E_{z}=\emptyset$
$E_{y}$ $E_{z}$ . , $E_{y}$ ,
$E_{z}$ . $E_{y},$ $E_{z}$ $Y,$ $Z$ ,
, $u_{Y}$ $i_{Z},$ $u_{Z}$ . ,
$i_{Y}=g(i_{Z}, u_{Y}, t)$ , $u_{Z}=h(i_{Z}, u_{Y}, t)$ (6)
38
. ZHGY
$(Z)_{ij}= \frac{\partial(h)_{i}}{\partial(i_{Z})_{j}}$ , $(H)_{ij}= \frac{\partial(h)_{i}}{\partial(u_{Y})_{j}}$ , $(G)_{ij}= \frac{\partial(g)_{i}}{\partial(i_{Z})_{j}}$ , $(Y)_{ij}= \frac{\partial(g),}{\partial(u_{Y})_{j}}$
, 32 $(\begin{array}{ll}Z HG Y\end{array})$ :
(i) $(\begin{array}{ll}Z HG Y\end{array})$ .
(ii) $Z$ $Y$ .
(iii) $H=-G^{T}$ .
$\Gamma$ , $V,$ $C,$ $S_{I},$ $Y,$ $Z,$ $S_{U},$ $L$ $T$ , $\Gamma$ $(E_{y}, E_{z})$
. $T$ $\overline{T}=E\backslash T$ . $(E_{y}, E_{z})$ $T$ , $i$
$u$ :
$i=(i_{V}, i_{C}^{\tau}, i_{I}^{\tau}, i_{Y}^{\tau}, i_{Z}^{\tau}, i_{U}^{\tau}, i_{L}^{T}, i_{C}^{\lambda}, i_{I}^{\lambda}, i_{Y}^{\lambda}, i_{Z}^{\lambda}, i_{U}^{\lambda}, i_{L}^{\lambda}, i_{J})^{T}$ ,
$u=(u_{V}, u_{C}^{\tau}, u_{I}^{\tau}, u_{Y}^{\tau}, u_{Z}^{\tau}, u_{U}^{\tau}, u_{L}^{\tau}, u_{C}^{\lambda}, u_{I}^{\lambda}, u_{Y}^{\lambda}, u_{Z}^{\lambda}, u_{U}^{\lambda}, u_{L}^{\lambda}, u_{J})^{T}$.
, , $\tau$ $\lambda$ $T$ $\overline{T}$ .
$T$ , $g$ $g^{\tau}$ $g^{\lambda}$ . $h,$ $q,$ $\phi$
. , $Y$ $(\begin{array}{ll}Y_{\tau}^{\tau} Y_{\lambda}^{\tau}Y_{\tau}^{\lambda} Y_{\lambda}^{\lambda}\end{array})$ . ,
$(Y_{\tau}^{\tau})_{ij}= \frac{\partial(g^{\tau})_{i}}{\partial(u_{Y}^{\tau})_{j}}$ , $(Y_{\lambda}^{\tau})_{ij}= \frac{\partial(g^{\tau})_{i}}{\partial(u_{Y}^{\lambda})_{j}}$ ,
. , $C,$ $L,$ $Z,$ $H,$ $G$
$(\begin{array}{ll}C_{\tau}^{\tau} C_{\lambda}^{\tau}C_{\tau}^{\lambda} C_{\lambda}^{\lambda}\end{array})$ $(\begin{array}{ll}L_{\tau}^{\tau} L_{\lambda}^{\tau}L_{\tau}^{\lambda} L_{\lambda}^{\lambda}\end{array})$ , $(_{Z_{\tau}^{\lambda}}^{Z_{\tau}^{\tau}}$
$( Y_{\tau}^{\lambda})_{ij}=\frac{\partial(g^{\lambda})_{i}}{\partial(u_{Y}^{\tau})_{j}}$ , $(Y_{\lambda}^{\lambda})_{ij}= \frac{\partial(g^{\lambda})_{i}}{\partial(u_{Y}^{\lambda})_{j}}$
$Z_{\lambda}^{\lambda)}Z_{\lambda}^{\tau}$ , $(\begin{array}{ll}H_{\tau}^{\tau} H_{\lambda}^{\tau}H_{\tau}^{\lambda} H_{\lambda}^{\lambda}\end{array})$ $(\begin{array}{ll}G_{\tau}^{\tau} G_{\lambda}^{\tau}G_{\tau}^{\lambda} G_{\lambda}^{\lambda}\end{array})$
.
, $F$
$i_{C}^{\tau}$ $i_{I}^{\tau}$ $i_{Y}^{\tau}$ $i_{Z}^{\tau}$ $i_{U}^{\tau}$ $i_{L}^{\tau}$ $i_{C}^{\lambda}$
$i_{I}^{\lambda}$ $i_{Y}^{\lambda}$ $i_{Z}^{\lambda}$ $i_{U}^{\lambda}$ $i_{L}^{\lambda}$ $i_{J}$










$q^{\tau}=q^{\tau}(u_{C}^{\tau}, A_{VC}^{T}v_{s}(t)+A_{CC}^{T}u_{C}^{\tau}, t)$ ,
$q^{\lambda}=q^{\lambda}(u_{C}^{\tau}, A_{VC}^{T}v_{s}(t)+A_{CC}^{T}u_{C}^{\tau}, t)$ ,
$g^{\tau}=g^{\tau}(-A_{ZZ}i_{Z}^{\lambda}-A_{ZU}i_{U}^{\lambda}-A_{ZL}i_{L}^{\lambda}-A_{ZJ}j_{s}(t), i_{Z}^{\lambda}, u_{Y}^{\tau}, A_{VY}^{T}v_{\epsilon}(t)+A_{CY}^{T}u_{C}^{\tau}+A_{IY}^{T}u_{I}^{\tau}+A_{YY}^{T}u_{Y}^{\tau}, t)$ ,
$g^{\lambda}=g^{\lambda}(-A_{ZZ}i_{Z}^{\lambda}-A_{ZU}i_{U}^{\lambda}-A_{ZL}i_{L}^{\lambda}-A_{ZJ}j_{s}(t),i_{Z}^{\lambda},u_{Y}^{\tau}, A_{VY}^{T}v_{\epsilon}(t)+A_{CY}^{T}u_{C}^{\tau}+A_{IY}^{T}u_{I}^{\tau}+A_{YY}^{T}u_{Y}^{\tau},t)$,
$h^{\tau}=h^{\tau}(-A_{ZZ}i_{Z}^{\lambda}-A_{ZU}i_{U}^{\lambda}-A_{ZL}i_{L}^{\lambda}-A_{ZJ}j_{\epsilon}(t), i_{Z}^{\lambda}, u_{Y}^{\tau}, A_{VY}^{T}v_{s}(t)+A_{CY}^{T}u_{C}^{\tau}+A_{IY}^{T}u_{I}^{\tau}+A_{YY}^{T}u_{Y}^{\tau}, t)$ ,
$h^{\lambda}=h^{\lambda}(-A_{ZZ}i_{Z}^{\lambda}-A_{ZU}i_{U}^{\lambda}-A_{ZL}i_{L}^{\lambda}-A_{ZJ}j_{s}(t), i_{Z}^{\lambda}, u_{Y}^{\tau}, A_{VY}^{T}v_{s}(t)+A_{CY}^{T}u_{C}^{\tau}+A_{IY}^{T}u_{I}^{\tau}+A_{YY}^{T}u_{Y}^{\tau}, t)$ ,
$\phi^{\tau}=\phi^{\tau}(-A_{LL}i_{L}^{\lambda}-A_{LJ}j_{s}(t), i_{L}^{\lambda}, t)$ ,
$\phi^{\lambda}=\phi^{\lambda}(-A_{LL}i_{L}^{\lambda}-A_{LJ}j_{\epsilon}(t), i_{L}^{\lambda}, t)$
. .
1. $u_{V}$ $i_{J}$ (1) .
2. , $i_{Z}^{\lambda},$ $i_{U}^{\lambda},$ $i_{L}^{\lambda},$ $u_{C}^{\tau},$ $u_{I}^{\tau},$ $u_{Y}^{\tau}$ .
3. $i_{Z}^{\tau},$ $i_{U}^{\tau},$ $i_{L}^{\tau},$ $u_{C}^{\lambda},$ $u_{I}^{\lambda},$ $u_{Y}^{\lambda}$ .
4. (2) (6) $u_{Z}^{\tau},$ $u_{Z}^{\lambda},$ $u_{L}^{\tau},$ $u_{L}^{\lambda},$ $i_{C}^{\tau},$ $i_{C}^{\lambda},$ $i_{Y}^{\tau},$ $i_{Y}^{\lambda}$ .
5. (4) (5) $u_{U}^{\tau},$ $u_{U}^{\lambda},$ $i_{I}^{\tau},$ $i_{I}^{\lambda}$ .
6. $i_{V}$ $u_{J}$ .
3 , DAE .
4 DAE
, DAE , .
$Q(x, t)$ $Q(x, t)^{2}=Q(x, t)$ , $Q(x, t)$ . , $\Pi$
im $Q(x, t)=\Pi$ , $Q(x, t)$ $\Pi$ . , DAE
:
$A(x(t), t) \frac{d}{dt}d(x(t), t)+b(x(t), t)=0$ . (7)
40
, $A(x(t), t)$ $m\cross n$ , $D(x, t)7B(x, t),$ $M(x, t)$
$D(x, t)= \frac{\partial d(x,t)}{\partial x}$ , $B(x, t)= \frac{\partial b(x)t)}{\partial x}$ , $M(x, t)=A(x, t)D(x, t)$
, DAE (7) 2 .
( 1) $x$ $t$ $kerA(x, t)\oplus$ im $D(x, t)=\mathbb{R}^{n}$ .
( 2) $kerP(t)=kerA(x, t)$ , im $P(t)=$ im $D(x, t),$ $d(x, t)=P(t)d(x,$ $t)$ $t$
$P(t)$ .
DAE (7) (DAE with properly stated leading term) , Balla&M\"arz [2]
. DAE ,
DAE (7) [14, 15, 26, 27, 30].
DAE (7) 1 , .
4.1 ([15, Lemma A.1]). $m\cross n$ $A(x, t)$ $n\cross m$ $D(x, t)$ ,
$M(x, t)=A(x, t)D(x, t)$ . , $kerA(x, t)\oplus$ im $D(x, t)=\mathbb{R}^{n}$ (
im $M(x, t)=$ im $A(x, t),$ $kerM(x, t)=kerD(x, t),$ $kerA(x, t)\cap$ im $D(x, t)=\{0\}$ (8)
.
DAE (7) (tractability index) .
4.2 ([25, Definition 3.31, [33, Remark 4.6] $)$ . $M(x, t)$ $x$ $t$
, $0$ . , $x$ $t$ , $M(x, t)$
$kerD(x, t)\cap\{z\in \mathbb{R}^{m}|B(x, t)z\in imM(x, t)\}=\{0\}$
, 1 .
1 .
4.3 ([19, Proposition 5.6]). $Q(x, t)$ $kerM(x, t)$ . ,
1 , $x$ $t$ $M(x, t)+B(x, t)Q(x, t)$
. $\square$
5
, . 51 DAE (7)






51. $A$ , $AA^{-}A=A$ $A^{-}AA^{-}=A^{-}$ $A^{-}$ $A$ -
.
DAE (7) , $A$ , $x(t),$ $d(x, t),$ $b(x, t)$
:
$A=$ $(oOOOOO$ $-A_{LL}^{T}OOOOO$ $oOOOOI$ $oOOOOI$ $A_{CC}OOOOO$ $oOOOOO)$ $x(t)=(\begin{array}{l}i_{L}^{\lambda}i_{U}^{\lambda}i_{Z}^{\lambda}u_{Y}^{\tau}u_{I}^{\tau}u_{C}^{\tau}\end{array})$ $d(x, t)=A^{-}A(\begin{array}{l}0\phi^{\tau}\phi^{\lambda}q^{\tau}q^{\lambda}0\end{array})$ ,
1 2 , 53 .
$\Omega(x, t)=(oOOOOO$ $L_{\tau}^{\lambda}L_{\tau}^{\tau}OOOO$ $L_{\lambda}^{\lambda}L_{\lambda}^{\tau}OOOO$ $c^{\lambda}c_{\tau}^{\tau}Oo^{\tau}OO$ $c^{\lambda}C_{\lambda}^{\tau}o^{\lambda}OOO$ $oOOOOO)$ , $D(x, t)$ $M(x, t)\}$
$D(x, t)=A^{-}A\Omega(x, t)A^{T}$ , (9)




. , $M_{L}(x, t)$ $M_{C}(x, t)$ .
5.2 ([19, Leinma 6.3]). 31 , $M_{L}(x, t)$ $M_{C}(x, t)$ .
42
$–::p\overline{|}\iota F_{\wedge}^{[}$ . $M\tau_{\lrcorner}(x, t)$ $M_{C}(x,$ $t)$
$M_{L}(x, t)=(-A_{LL}^{T}$ $I)(\begin{array}{ll}L_{\tau}^{\tau} L_{\lambda}^{\tau}L_{\tau}^{\lambda} L_{\lambda}^{\lambda}\end{array})(\begin{array}{l}-A_{LL}I\end{array})$
$M_{C}(x, t)=(I$ $A_{CC})(\begin{array}{ll}C_{\tau}^{\tau} C_{\lambda}^{\tau}C_{\tau}^{\lambda} C_{\lambda}^{\lambda}\end{array})(\begin{array}{l}IA_{CC}^{T}\end{array})$
. $(\begin{array}{ll}L_{\tau}^{\tau} L_{\lambda}^{\tau}L_{\tau}^{\lambda} L_{\lambda}^{\lambda}\end{array})$ $(\begin{array}{l}-A_{LL}I\end{array})$ , $M_{L}(x, t)$
. $M_{C}(x, t)$ . $\square$
1 2 $|\backslash \wedge$ .
5.3 ([19, Proposition 6.7]). 3.1 , (7) 1 2 .
. (9) (10) , (8) . 1 .
, $P$ $P=A^{-}A$ , 2 . $\square$
52 $0$
$(E_{y}, E_{z})$ .
[ ]. $Y$ $S_{I}$ ,
.. $Z$ $S_{U}$ ,
.
, .
5.4 ( $[1^{(}J$ , Leinina 7.1]). $(E_{y}, E_{z})$ , $S_{I}\cup Y\subseteq\overline{T}$
$Z\cup S_{U}\subseteq T$ $T$ .
$0$ .
5.5 ([19, I,emma 7.2]). 31 , $0$ ,
$(E_{y}, E_{z})$ .
. $0$ , $M(x, t)$ . 52
$M_{L}(x, t)$ $M_{C}(x, t)$ , $M(x, t)$ , $i_{Z}^{\lambda},$ $i_{U}^{\lambda},$ $u_{I}^{\tau},$ $u_{Y}^{\tau}$
. , $S_{I}\cup Y\subseteq\overline{T}$ $Z\cup S_{U}\subseteq T$ . 54 ,
.




, 1 . , $A_{Z},$ $A_{Y},$ $N$
$A_{Z}=(\begin{array}{ll}-A_{ZU}^{T} O-A_{ZZ}^{T} I\end{array})$ , $A_{Y}=(\begin{array}{ll}I A_{YY}O A_{IY}\end{array})$ $N=(\begin{array}{ll}A_{YU} A_{YZ}A_{IU} A_{IZ}\end{array})$
. ,
$\Lambda=(\begin{array}{ll}O -N^{T}N O\end{array})-(\begin{array}{ll}A_{Z} OO A_{Y}\end{array})(\begin{array}{ll}Z HG Y\end{array})(\begin{array}{ll}-A_{Z}^{T} OO -A_{Y}^{T}\end{array})$
. , 43 .
5.6 ([19, Lemma 7.3]). 31 , 1 ,
A .
$Q$ $Q=$ $(OOOOOO$ $OOOOOI$ $OOOOOI$ $OOOOOI$ $OOOOOI$ $OOOOOO)$ , $Q$ 43 .
$Q$ $M(x,$ $t)+B(x,$ $t)Q$ ,
$M(x, t)+B(x, t)Q=(oOO$ $N+B_{YZ}^{*}(x, t)B_{ZZ}(x,t)*$ $-N^{T}+B_{ZY}(x, t)BYY_{*}(x, t)*$ $M_{C}(x, t)OOO)$
. ,
$B_{ZZ}(x, t)=A_{Z}ZA_{Z}^{T}$ , $B_{ZY}(x, t)=A_{Z}HA_{Y}^{T}$ ,
$B_{YZ}(x, t)=A_{Y}GA_{Z}^{T}$ , $B_{YY}(x, t)=A_{Y}YA_{Y}^{T}$
. 43 , 1 , $M(x,$ $t)+B(x, t)Q$
. 52 ,
$(\begin{array}{ll}B_{ZZ}(x,t) -N^{T}+B_{ZY}(x,t)N+B_{YZ}(x,t) B_{YY}(x,t)\end{array})=(\begin{array}{ll}O -N^{T}N O\end{array})+(\begin{array}{ll}A_{Z}ZA_{Z}^{T} A_{Z}HA_{Y}^{T}A_{Y}GA_{Z}^{T} A_{Y}YA_{Y}^{T}\end{array})$
$=(\begin{array}{ll}O -N^{T}N O\end{array})-(\begin{array}{ll}A_{Z} OO A_{Y}\end{array})(\begin{array}{ll}Z HG Y\end{array})(\begin{array}{ll}-A_{Z}^{T} OO -A_{Y}^{T}\end{array})$
.
56 , .
5.7 ([19, Lemma 7.4]). 31 32 , 1
$+$ , $(A_{Z}$ $N^{T})$ $(N$ $A_{Y})$ .
44
. 56 , 1 A .
32 , $\Sigma=\Theta^{T}(\begin{array}{ll}Z OO Y\end{array})\Theta$ $\Theta$ . , 32
, $\Sigma$ . $\overline{A},\overline{N}$
$\overline{A}=(\begin{array}{ll}A_{Z} OO A_{Y}\end{array})\Theta$ $\overline{N}=(\begin{array}{ll}O -N^{T}N O\end{array})+\overline{A}\Theta^{T}(\begin{array}{ll}O HG O\end{array})\Theta\overline{A}^{T}$
, $A=\overline{N}-\tilde{A}\Sigma(-\overline{A}^{T})$ . , 23 , A
$(^{\Sigma^{-1}}\overline{A}$ $-\tilde{A}^{T}\overline{N})$ .
,
$(^{\Sigma^{-1}}\overline{A}$ $-\overline{A}^{T}\overline{N})=(\begin{array}{ll}O -\tilde{A}^{T}\overline{A} \tilde{N}\end{array})+(^{\Sigma^{-1}}0$ $oO)$ (11)
. ,
. (11) $X$ , $\overline{N}$ $S\subseteq X$
. 21 , (11) $+$ , $(\begin{array}{ll}O -\overline{A}^{T}\overline{A} \overline{N}\end{array})$
, $(\begin{array}{ll}O -\overline{A}^{T}\overline{A} \overline{N}\end{array})[S]=\overline{N}$ . 22 ,
$(\begin{array}{ll}O -\overline{A}^{T}\tilde{A} \overline{N}\end{array})[S, X]=(\overline{A}$ $\tilde{N})$
$h$ $lffi$ . ,
$(\overline{A}|\overline{N})=(\overline{A}|(\begin{array}{lll}O TN - \end{array})+\overline{A}\Theta^{T}(\begin{array}{ll}O HG O\end{array})\Theta\overline{A}^{T})arrow^{F^{1}J\mathfrak{B}lf’,/}(\overline{A}|(\begin{array}{ll}O -N^{T}N O\end{array}))$
$(^{A_{Z}}0$ $A_{Y}O|NO$ $-N^{T}O)$ $(\begin{array}{llll}A_{Z} -N^{T} O OO O N A_{Y}\end{array})$
, $(\tilde{A}$ A $)$ $+$ , $(A_{Z}$ $N^{T})$ $(N$ $A_{Y})$
.
$\Gamma=(W, E)$ , $e\in E$ $e$ , $e$
. , $V\cup C$ , $L\cup J$
$r\circ$ . , $r\circ$ $F^{o}$
$i_{I}^{\tau}$ $i_{Y}^{\tau}$ $i_{Z}^{\tau}$ $i_{U}^{\tau}$
$F^{o}=$ $(oOOI$ $oOOI$ $oOOI$ $oOOI$
$i_{I}^{\lambda}$ $i_{Y}^{\lambda}$ $i_{Z}^{\lambda}$ $i_{U}^{\lambda}$
$A_{II}OOO$ $A_{YY}A_{IY}OO$ $A_{YZ}A_{ZZ}A_{IZ}O$ $A_{UU}A_{YU}A_{ZU}A_{IU})$
. 57 , .
45
2: .
5.8 ([19, Theorem 7.5]). 3.1 32 , 1
, $\Gamma^{o}$ ,
.
. 57 , 1 $+$ , $(A_{Z}$ $N^{T})$ $(N$ $A_{Y})$
. ,
$(A_{Z}$ $N^{T})=(\begin{array}{llll}-A_{ZU}^{T} O A_{YU}^{T} A_{IU}^{T}-A_{ZZ}^{T} I A_{YZ}^{T} A_{IZ}^{T}\end{array})$
,
$(\begin{array}{ll}O A_{IU}O A_{YU}O A_{ZU}I A_{UU}\end{array})$
. $F^{o}$ , $S_{U}$
. , , $r\circ$
. ,
$(N$ $A_{Y})=(\begin{array}{llll}A_{YU} A_{YZ} I A_{YY}A_{IU} A_{IZ} O A_{IY}\end{array})$
,
$(\begin{array}{llllll}O O O A_{IY} A_{JZ} A_{IU}I O O A_{YY} A_{YZ} A_{YU}O I O O A_{ZZ} A_{ZU}O O I O O A_{UU}\end{array})$
. , $F^{o}$ , $Y\cup Z\cup S_{U}$
. , $r\circ$ $Y,$ $Z,$ $S_{U}$
. , $r\circ$ .
5.9 ([12]). 2 $I$ . MNA DAE
3 $[$ 12$]$ . ,
$E_{g}=\{V\}$ , $E_{h}=\emptyset$ , $E_{y}=\{C, I\}$ , $E_{z}=\{L\}$
46
3: 59 $\Gamma$ . 4: 59 $\Gamma^{o}$ .
2 DAE [18].
, 58 . 3
. $V$ $C$ , $L$ $r\circ$ 4 . ,
$r\circ$ $I$ , . $\square$
58 , 1 .
58 , RLC .
510. RLC , 1 .
. $S_{I}=S_{U}=\emptyset$ , 58 .
511. RLC , MNA .
. 510 , 1 . , MNA DAE
$0$ , $0$ . MNA DAE
$0$ , $\Gamma=(W,$ $E)$ $V$
, $C$ $[$8, 32$]$ . , $r\circ$ 1
. , $(E_{y},$ $E_{z})$ , $0$
.
54
55 58 , . ,
. , $\nu$ 1
, 1 , $0$ .
$\nu$ $0$ , $(E_{y}, E_{z})$ .
1: $E_{y}arrow\{e|e\in C\cup S_{I}\},$ $E_{z}arrow\{e|e\in Su\cup L\}$ .
2: $\Gamma=(W, E)$ $V\cup C$ , $L\cup J$ , $r\circ$
.
3: $r\circ$ $S_{U}$ $S_{I}$ , $\nu\geq 2$
.
47
4: $r\circ$ , $\nu=1$ .. $S_{I}$ .
$\circ$ $S_{U}$ .
$\circ$ .




, , $0$ 1
. , .
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